While considerable research has examined the effects of prevailing wage law repeals on construction wages, little has been done on the repeals effect on benefits. Based on state-level data from the quinquennial Economic Census for construction from 1972 to 2012, we find that depending on sample and model specification, statewide annual average construction blue-collar income fell by 1.9% to 4.2%. Statewide annual average legally required benefits (social security, workers injury-compensation insurance, and unemployment insurance contributions) for blue-and white-collar construction employees combined fell from 3.8% to 10.1%. Statewide annual average voluntary benefits (primarily health insurance, pension contributions, and apprenticeship training) for blue-and white-collar construction employees combined fell from 11.2% to 16.0%. Because prevailing wage laws govern only blue-collar construction remuneration, blue-collar benefits probably fell more than blue-and white-collar benefits taken together.
Introduction
The status of state and federal prevailing wage laws (PWLs) governing the payment of blue-collar wages and benefits on public works is in flux. In recent years, Tennessee, Indiana, West Virginia, and Arkansas repealed their PWLs while as of the fall of 2017, 1 The University of Utah, Salt Lake City, USA PWLs governing public works can influence overall construction practices because federal and state public constructions make up a significant percentage of overall construction. Public construction as a percent of the total value of construction varies over the business cycle, but on average, over the period 2002 to 2012, federal construction accounted for 5.2% of total construction whereas state-and-local public works accounted for 17.9% of total construction (U.S. Economic Census, 1972 Census, -2012 . Not all states have PWLs. In 2012, 32 states and the District of Columbia had PWLs. In these states, public works accounted for 15.8% of all construction that year. In contrast, state and local public works in states without PWLs accounted for 4.7% of all U.S. construction in 2012. Federal work in states without PWLs, but nonetheless covered by the Davis Bacon Act, accounted to 1.7% of all construction in the United States. Public construction covered by PWLs creates a two-way relationship. Prevailing wage surveys of private sector construction help determine prevailing wage mandates, but in turn, prevailing wage mandates reinforce local private sector labor standards and practices.
In this article, we use data from the quinquennial Economic Census beginning in 1972 for wages and 1977 for benefits. These data are currently published every 5 years up to 2012. We test the effects on state-level construction wages and benefits from 10 state repeals of PWLs over this time period (U.S. Department of Labor, 2017a) using feasible generalized least squares (FGLS) regression models with fixed state and year effects. We begin by describing our data and model. Then we provide two sets of regression estimates focusing first on wages and then on benefits. We conclude with comments regarding the implication of prevailing wage repeals for the accumulation and retention of blue-collar human capital in construction.
Data
Our data on state-level construction income, benefits, and workplace organization come from the U.S. Economic Census, construction previously known as the Census of Construction (U.S. Economic Census, 1972 Census, -2012 , an establishment census which begins publishing payroll data in 1972 and benefit data in 1977. We supplement these data with information on state-level unemployment rates for all industries published by the U.S. Bureau of Labor Statistics from the household Current Population Survey and the Local Area Unemployment Statistics supplemented by the Bureau of the Census, Statistical Abstract of the United States for years in the 1970s (Iowa State University, 2016; U.S. Census Bureau, 1976 and 1979) . State-level construction unionization rates come from the Current Population Survey as published by Barry T. Hirsch and David A. Macpherson (Hirsch & Macpherson, 1983-2016 ; earlier years from author communication).
Income and benefits are analyzed in real terms using 1982 dollars. Income per bluecollar construction worker and white-collar construction worker is calculated by dividing total construction-worker payroll and total other-worker payroll by annual average construction-worker employment and other-worker employment.
Total benefits paid in the Economic Census for construction is broken into legally required benefits (social security, worker injury-compensation insurance, and unemployment insurance) and voluntary benefits (health insurance, pensions, etc.). Unlike income, benefit payments are not broken out between blue-collar and white-collar workers. Thus, we calculate each benefit type per employee but not per construction worker. We deflate both income and benefits using the consumer price index-urban (U.S. Bureau of Labor Statistics, 1972 -2012 .
The percent of work subbed out to subcontractors or subbed in from contractors are calculated by dividing the total value of work subbed out or subbed in by the value of construction work done with subcontracted work subtracted from the total value of construction work (net value of construction). The percent white-collar of all employees is calculated by dividing annual average employees who are not construction workers by total employees. Construction percent of the value of total business is the value of construction divided by the value of construction plus nonconstruction work done by the establishment. The percent union is for the construction industry within a state whereas the state unemployment rate is for all industries within a state. Employment is the total number of blue-and white-collar employees working in the construction industry by state per year. Establishments are places of employment. All observations are state level.
In contrast to most research on the effects of PWLs on remuneration, our data (a) are census rather than survey data which eliminates sample weighting problems associated with widely divergent state construction employment size, (b) have actual benefits paid which permits the examination of a significant, and from a human resource management perspective, strategic part of total remuneration, and (c) span the period 1972 to 2012 in the case of income, and 1977 to 2012 in the case of benefits, which permits the inclusion of all but the most recent 2015 prevailing wage repeals in Indiana and West Virginia. However, our data also present two challenges not faced by research using household surveys providing hourly wage rates. First, we must control for confounding effects on income associated with variations in the business cycle. We do this through the use of state unemployment rates and year indicator dummy variables. Second, we must tease out the effect of repeals on blue-collar benefits when we only have total benefits per employee as a dependent variable. This second problem is mitigated by the fact that prevailing wage mandates only affect blue-collar workers due to the fact that blue-collar workers account for from 70% to 85% of all construction employees. So presumably, if prevailing wage repeals negatively affect benefits per employee in construction, the path of this effect is primarily through affecting benefits per blue-collar worker in construction.
Table 1 describes our data where the level of observation is a state (including the District of Columbia) in a year (ranging from 1972 to 2012 every 5 years in our income models and 1977 to 2012 in our benefits models). Our focus variable is state repeals of PWLs measured by a dummy variable which equals 1 subsequent to each repeal in the 10 states that either repealed or annulled their law. These repeals account for 32% of all observations in the all-states sample. In 1982 dollars, white-collar construction workers earned, on average, US$23,867 per year whereas blue-collar construction workers earned US$17,632. Total benefit contributions per employee (both white and blue-collar workers combined) averaged US$4,258 with legally required benefit contributions averaging US$2,622 and voluntary benefit contributions averaging US$1,544. On average, 22% of all employees were white-collar. On average, 97.6% of all the business done by construction establishments was construction work. On average, contractors subbed out 31.8% of their work and subbed in 32.5%. Average state construction employment was 65,608 and the average number of construction establishments was 7,530. The state overall unemployment rate across all industries averaged 6% whereas the average unionization rate in construction was almost 13%. This panel data was well balanced across both states and years.
Model
Our data are a long panel data set. In this context, it is helpful to use FGLS estimation which allows the use of first order autoregressive processes and permits the error terms in the model to be heteroscedastic. More specifically, this method produces panel and cross-section corrected standard errors specifying the error terms to be independent with a variance of E u it i ( ) 2 2 = σ that can be different for each state over time (Cameron & Trivedi, 2010) . As error terms are possibly correlated and observations could very well depend on previous periods in a longitudinal data, the use of FGLS estimations with heteroscedastic disturbances will address these distributional issues of cross-sectional correlations and variances as well as time series autocorrelations. The equation for the FGLS is as follows:
where heteroscedasticity and correlation across panels as well as autocorrelation within panels are allowed in the estimations. Hence, the equation for the error terms and the variance matrix of the heteroscedastic error terms take the following shape:
In our analysis, the impact of repeal is focused on incomes and benefits of construction employees and thus, we have the following equations/models for the each dependent variable where income model could be applied to either blue-or white-collar incomes whereas legal and voluntary benefits have also been considered along with the total benefits under the benefits model:
Log of Income Constant Whether the state repealed the law or no Following the literature on the effect of prevailing wage repeals on blue-collar construction worker income, we include state dummy variables to capture relevant differences in state construction industries that are unchanging across the 1972 to 2012 period of analysis. However, these state dummies will be collinear with our focus repeal variable for all states that did not repeal or did not have a PWL over the period. It may be that the other state-level construction-related variables in the models are sufficient to capture the relevant differences between state construction industries without state dummy variables. So we repeat our models excluding the state dummies and provide corresponding results in Tables 2 through 7 . This allows for a range of repeal estimates based on the inclusion or exclusion of these state dummy variables.
Results
Tables 2 through 7 present six results for models predicting income and benefits across three samples-all states, always-had-law and repeal states, and never-had-law and repeal states. The income models predict separately blue-collar income and whitecollar income each time providing two specifications, one without state dummy variables and one with state dummy variables. The benefit models predict total benefits per capita, legal benefits, and voluntary benefits, each time providing two specifications, one without and one with state dummy variables. All models are FGLS panel data models predicting log of real per capita income or benefits using 1982 dollars. The dependent variables are logged values as are all the continuous independent control variables. Table 8 provides a summary of estimated coefficients for the focus variable, state PWL repeals.
We hypothesize that our focus variable, state repeals, will be negatively correlated with both blue-collar income and blue-and white-collar benefits (we cannot separate benefits by worker classification). Because prevailing wage mandates apply to bluecollar workers on construction sites but not the white-collar employees of construction contractors, we hypothesize that a repeal of PWLs will affect blue-collar construction worker incomes but not white-collar incomes. Consistent with this, we expect that the estimate of the repeal effect on total per capita benefits will be an underestimate because PWL repeals apply directly only to blue-collar workers.
Unlike other research on prevailing wage regulations which focus on repeal effects on hourly wage rates, due to the limitations of our data, we analyze repeal effects on annual income. To isolate repeal effects on income from business cycle effects, in all four models, we include year dummy variables which capture economy-wide differences in the business cycle over time and state unemployment rates (for all industries) (1) which capture differences in regional business conditions across states within years. For simplicity of presentation, the state dummies (when applied) and year dummies (all models) results are omitted from the tables.
To further capture construction-specific economic conditions that may affect construction income, in models where we predict blue-collar construction income, we use (1) white-collar construction income as one explanatory variable. Conversely, in models where we predict white-collar construction income, we use blue-collar construction income as one explanatory variable. We expect that blue-and white-collar incomes are positively correlated with each other because there will be construction-specific economic factors within states and years such as construction product market conditions or yearly hours worked that will influence both blue-and white-collar incomes in the same direction. We expect that blue-collar income will be positively correlated with the percent of all employees who are white-collar employees because white-collar employment (1) complements blue-collar productivity. In construction, white-collar employees include engineers, architects, project managers, and other construction professionals as well as clerical, legal, and accounting employees. We hypothesize that the greater relative presence of white-collar workers leads to higher value added blue-collar work and consequently, higher blue-collar income. At the outset, we were agnostic regarding the effect of the relative presence of white-collar workers on white-collar income; subsequent results suggest that there may be diminishing marginal productivity associated with increases in the percentage of white-collar workers within the overall construction contractor workforce.
In our benefit models, we cannot separate out blue-collar benefits from white-collar benefits. We expect that an increased white-collar percentage of all construction employees will lead to higher average benefits reflecting the need to retain whitecollar workers through benefit incentives and the greater ease of paying benefits to white-collar workers who are more likely to be attached to the contractor's business. We expect that the value of construction work as a percent of the contractor's entire business income will be positively correlated with construction blue-collar per capita income. The more central blue-collar work is to a contractor's business, the more likely will this workforce have accumulated human capital through training and experience. Controlling for the percent white-collar among a contractor's workforce, we expect that the greater the value of nonconstruction work is as a percentage of a contractor's total business, the lower will be benefits per capita for all employees, reflecting the presence of non-white-collar, nonconstruction workers within the contractor's labor force who may receive lower benefits relative to blue-collar construction workers.
We expect that greater average state construction employment will be positively correlated with both blue-and white-collar annual per capita income and benefits reflecting more urbanized and industrialized construction activity requiring greater skills while we expect that the state unemployment rate will be negatively correlated with both blue-and white-collar annual per capita income and benefits, reflecting available hours of work.
We expect that the percent union among all construction workers will be positively correlated with both income and benefits per capita for blue-collar workers. Although unionization in construction is a blue-collar phenomenon, unionization rates may positively affect white-collar income and/or benefits as contractors seek to maintain remuneration differentials within the firm.
We expect that contractor self-performance measured by subcontracting out as a percent of the value of construction netting out the value of subcontracting will have opposite effects on blue-collar compared with white-collar income. We expect that where a high percentage of all work is subcontracted out, competitive pressures created by multi-layered subcontracting will drive down blue-collar wages. Conversely, the demands of coordinating articulated systems of multi-layered subcontracting will require higher-paid white-collar workers to assemble and deploy this system of work. Extended subcontracting in construction is a special case of the extension of a detailed division of labor common in manufacturing which divides mental from manual work and increases the wages of mental workers while decreasing the wages of manual workers. Results for all these aforementioned control variables meant to capture construction-specific economic conditions that may affect construction income and/or benefits that are consistent with our expectations. Table 8 derived from the estimated coefficients for our focus repeal variable in Tables 2 through 7 presents a summary of the repeal effects on income and benefit across the two specifications, three samples, and two models in the case of income and three models in the case of benefits. The repeal variable takes the values 0 for no repeal and 1 for repeal. Given that the dependent variable is logged, the estimated percentage effect is obtained with the following calculation: (exp[coefficient] -1) × 100.
We expected and we find that prevailing wage repeals affect blue-collar incomes but not white-collar income. Although insignificant, nonetheless, in most cases, repeal effects on white-collar income are estimated to be negative. This may reflect a spillover effect on white-collar income associated with contractors maintaining income differentials across occupations within the firm. In one instance (the always had plus repeal states subsample with state dummies), the blue-collar effect is negative but statistically insignificant. More generally, our estimates of repeal effects on income tend to be lower than what others find when examining repeal effects on wage rates. It may be that the wage rate effect is offset to some extent through contractors adapting to regulatory changes by substituting less skilled labor and employing them for longer hours. Our findings when statistically significant show a negative repeal effect on income ranging from 4.2% for the full sample and no state dummies to 1.9% for the full sample with state dummies.
The repeal effects on benefits are larger than the repeal effects on income. Table 8 shows a negative repeal effect on benefits in the full sample with no state dummies of 10% for legally required benefits and 16% for voluntary benefits. When state dummies are included, the legal benefit estimate is a negative 5.5% whereas the voluntary benefit effect is a negative 11%. The subsample estimates are similar.
The basic conclusions from these results are (a) both blue-collar income and overall benefits per capita are negatively affected by state PWL repeals; (b) white-collar income is much less affected by the repeal of this law that applies directly to bluecollar workers but there may be some spillover effect associated with effects to maintain traditional income differentials between blue-and white-collar construction workers; (c) in percentage terms, benefits are substantially more negatively affected by PWL repeals than is income; (d) voluntary benefits are more negatively affected by repeals compared with legally required benefits. Repeal-induced lower wage rates found in other research will tend to lower legally required benefits (social security, workers' compensation, and unemployment insurance) in a formulaic fashion. In contrast, voluntary benefits may be eliminated as well as reduced. The greater estimated effect of repeals on voluntary benefits may reflect, at least in some cases, the full elimination of health insurance, pensions, and apprenticeship training rather than the reduced contributions found in legally required benefits; and (e) the inclusion of state dummies fixed across the entire time period under study reduces the estimated effects of repeals by about half in the case of legally required benefits and by a bit less than a third in the case of voluntary benefits. Thus, the state dummy models are the more conservative estimates. However, prevailing wage repeals directly affect blue-collar workers and only indirectly and perhaps weakly affect white-collar worker benefits. Thus, the unavoidable aggregation of blue-and white-collar benefits in our data may lead to an underestimation of the true effect of repeals on blue-collar benefits. Thus, the more aggressive models that exclude state-fixed effects may, nonetheless, be the more accurate when balancing control variables for state differences in construction industry conditions against the aggregating of blue-and white-collar benefits together.
Conclusion
This research finds that subsequent to state-level PWL repeals, annual average voluntary benefit contributions paid by contractors-primarily for health insurance, pensions, and apprenticeship training contributions-on behalf of blue-and white-collar construction employees combined, fell substantially-11% to 15% based on sample and specification. Because PWLs govern blue-collar workers only, it is probable that blue-collar voluntary benefits fell further. Previous research has shown that in construction, the provision of nonunion, nonportable health insurance increased the probability that a blue-collar construction worker would remain in construction over a 4-year period by 13% to 18% relative to a construction worker without health insurance. The provision of union health insurance portable across participating contractors increased worker retention within construction by 30% to 41% (Kim & Philips, 2010) . Our findings here that the repeal of PWLs leads to a 12% decline in voluntary benefits-primarily health and pension benefits-suggest that a key implication of prevailing wage repeal may be a loss of human capital due to less retention of experienced workers. Future research may show that while lower remuneration due to repeals implies a loss incurred by blue-collar construction workers, the related loss of experienced workers may also pose a problem for contractors and owners.
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Note
1. Federal prevailing wage determinations are set by county and craft occupation. To calculate these averages, the carpenter and common laborer mandated wage and benefit for the largest and one medium-sized county in each state were selected. Thus, these are not averages weighted by the number of carpenters and laborers actually working on federal projects in early 2017.
